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RTCC REQUIREMENTS FOR APOLLO 10 (MISSION F) 

PREFLIGHT INFORMATION 

By Rocky D. Duncan 

SUMMARY AND INTRODUCTION 

The purpose of this document is to present the preflight data re- 
quirements for direct support of the RTCC programs for Apollo 10 (Mis- 
sion F). 
of the data required for Missions F and G. 
flight data requirements are not applicable to Apollo 10 (Mission F). 
The information applies only to those processors formulated by the INAB. 
The processors for which preflight information has been defined are as 
follows . 

Also included in this document are the most current definitions 
Therefore, some of the pre- 

1. TLI processor 

2. MCC processor 

3. Return-to-earth processor 

4. LOI processor 

5. Powered-flight processor 

SYMBOLS 

CSM command and service modules 

DPS descent propulsion system 

EMP earth-moon plane 

FCUA fuel-critical unspecified area 

LLS lunar  landing site 
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LM 

LMAB 

LO1 

LOPC 

LPO 

MCC 

MPT 

n.d.  

OPP 

RTCC 

SP s 

T E I  

TLI  

TLMC 

lunar module 

Lunar Mission Analysis Branch 

lunar o r b i t  i n s e r t i o n  

lunar o r b i t  plane change 

lunar parking o r b i t  

midcourse cor rec t ion  

mission planning t a b l e  

nondimens iona l  

opportunity 

Real-Time Computer Complex 

serv ice  propuls ion system 

t r ansea r th  i n j e c t i o n  

t rans lunar  i n j e c t i o n  

t rans lunar  midcourse co r rec t ion  

TRANSLUNAR INJECTION AND MIDCOURSE CORRECTION PROCESSORS~ 

Y 

This  sec t ion  descr ibes  t h e  parameters,  c o e f f i c i e n t s ,  and cons tan ts  
a assoc ia ted  with t h e  T L I  and MCC processors .  Most of t h e  p r e f l i g h t  d a t a  

def ined i n  t h i s  s e c t i o n  i s  used by both processors;  consequently,  both 
processors  are t r e a t e d  as a s i n g l e  e n t i t y .  Def in i t ions  of t h e  ind iv idua l  
parameters and constants  a r e  presented i n  table  I. 

L 

# 

The TLI and MCC processors  r equ i r e  t h e  l a r g e s t  share  of t h e  p r e f l i g h t  
d a t a  requirements. Most of t h e s e  requirements are t h e  parameters which . 
vary wi th  launch azimuth, i n j e c t i o n  opportuni ty ,  and launch day across  a 
monthly launch window. These numbers are dependent and independent vari- 
ables which c o n s t i t u t e  a l l  t h e  f irst  guesses and o ther  numbers requi red  
t o  f l y  t h e  mission. Because of t h e  l a r g e  number of parameters requi red ,  
it has been decided t o  provide t h e s e  d a t a  t o  IBM on t ape .  

The formulation f o r  t h e  RTCC TLI  and MCC processors  i s  descr ibed 
i n  re ferences  1 and 2. 

a 
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The t a p e  q u a n t i t i e s  were f i r s t  punched on cards  by t h e  LMAB and 
then  a card-to-tape process  w a s  used with IBM equipment. 
of t h i s  procedure i s  t o  avoid t h e  d i f f i c u l t y  of t h e  d i f f e rences  i n  t a p e s  
generated by IBM and UNIVAC t a p e  d r ives .  
t h e  order  of t h e  parameters are shown i n  table  11. For each launch 
azimuth and i n j e c t i o n  opportunity,  t h e r e  i s  a d a t a  se t  on t a p e  t h a t  
c o n s i s t s  of a l l  t h e  parameters required t o  f l y  t h a t  p a r t i c u l a r  mission. 
The d a t a  sets w i l l  be ordered on t h e  cards  as fol lows.  

The purpose 

The punched-card format and 

1. Launch day 

2. Launch azimuth 

3. Second opportuni ty  

4. F i r s t  opportuni ty  

The remainder of t h e  p re f l igh t  d a t a  ( table  111) which does not vary 
wi th  launch day i s  provided by wr i t t en  t r a n s m i t t a l .  

RETURN TO EARTH PROCESSOR 

The r e t u r n  t o  e a r t h  processor determines t h e  maneuver requi red  t o  
produce t r a j e c t o r i e s  which r e tu rn  t o  e a r t h  through use  of s ta te  vec to r s  
i n  e i t h e r  moon o r  e a r t h  reference.  
descr ibed i n  re ferences  3 and 4, and t h e  cons tan ts ,  c o e f f i c i e n t s ,  and 
numbers assoc ia ted  with t h i s  processor a r e  def ined i n  t a b l e  I V .  
p r e f l i g h t  data requirements can be func t iona l ly  categorized as fol lows.  

The r e t u r n  t o  e a r t h  processor  i s  

These 

1. General constants  

2. Generalized i t e r a t o r  constants  

3. Guidance and t a r g e t i n g  cons tan ts  

4. Conic subprocessor constants  

The p r e f l i g h t  d a t a  f o r  Apollo 10 (Mission F ) ,  a l t e r n a t e  1, are 
presented i n  t a b l e s  V ,  V I ,  and V I I .  
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LUNAR ORBIT INSERTION PROCESSOR 

The LO1 t a r g e t i n g  processor computes seve ra l  impulsive maneuvers 
t o  t ransfer  from an approach hyperbola t o  a lunar  parking o r b i t .  
desc r ip t ion  of t h e  lunar  o r b i t  i n s e r t i o n  processor  can be found i n  
re ference  5 .  The impulsive maneuvers t r a n s f e r  t h e  spacecraf t  t o  d i f -  
f e r en t  LPO’s (such as an LPO with t h e  minimum LO1 AV or an LPO nea res t  
t h e  des i red  LPO). The f l i g h t  c o n t r o l l e r  s e l e c t s  t h e  des i red  maneuver 
and t r a n s f e r s  i t  t o  t h e  MPT where t h e  powered-burn t a r g e t s  are computed 
and t h e  guidance i s  se l ec t ed .  

A 

The p r e f l i g h t  da t a  requirements f o r  t h e  LO1 processor a r e  presented 
i n  t a b l e  V I I I .  The a c t u a l  values  a r e  presented i n  t a b l e  I X .  Note t h a t  
most of t h e  L O 1  processor da t a  requirements a r e  contained i n  t h e  MCC 
da t a  t a b l e s .  

POWERED-FLIGHT PROCESSOR 

The parameters and constants  assoc ia ted  with t h e  powered-flight 
processor ( r e f .  6 )  a r e  descr ibed i n  t h i s  s ec t ion .  The powered-flight 
processor simulates t h rus t ing  maneuvers i n  t h e  RTCC. The assoc ia ted  
parameters and constants  a r e  p r i n c i p a l l y  t h e  guidance constants  and 
t a rge t ing  parameters assoc ia ted  with t h e  i t e r a t i v e  guidance equations 
and t h e  hypersurface,  respec t ive ly .  

Because some of t h e  powered-flight processor p r e f l i g h t  d a t a  v a r i e s  
with launch azimuth, i n j e c t i o n  opportuni ty ,  and launch day, it w a s  de- 
cided t o  provide t h e s e  da t a  on t ape .  This arrangement i s  convenient 
because these  da t a  a r e  provided t o  MSC by MSFC i n  t h e  launch veh ic l e  
PRESET t ape .  

LMAB w i l l  v e r i f y  t h e  numbers on t h e  PRESET t a p e  and generate  cards  
f o r  de l ivery  t o  IBM. 
an IBM t ape .  

A card-to-tape process w i l l  be used t o  generate  

A l l  of t h e  parameters and constants  used by t h e  powered-flight 
processor a re  def ined i n  t a b l e  X. The format f o r  t h e  PRESET t a p e  i s  
presented i n  t a b l e  A - I ,  and t h e  format f o r  t h e  cards  de l ivered  t o  IBM 
is ..%-A” .-.+,.;I 

monthly launch window. 
prcuellvc.u I n  t a b l e  A-11.  This  card format allows f o r  up t o  a 10-day 
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T L I  . 
i c n  
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a 

Tmax sea 

T .  min sea 

'lei 

"lei 
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PC 

@PC 
x 
PC 

GbTr 
DC 
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Tlo  

@lis 

h s  

R l l s  
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'I'ABLE I.- DEFINITION OF PARAMETERS AND CONSTANTS 

ASSOCIATED WITH THE TLI AND MCC PROCESSORS 

Processor 
u t i  1 i z ing  
para 

TLI  

X 

- 
- 

X 

X 

X 

X 

X 

X 

- 

t er 

MCC 
- 
- 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

- 

Parameter or  
cons t an t  on t a p e  

Yes 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

Def in i t i on  

Ground elapsed t ime of t r ans luna r  
i n j e c t i o n  i g n i t i o n  

Decl inat ion of t a r g e t  vec to r  for  
a l t e r n a t e  missions 

Perigee r i n g  half-angle f o r  
a l t e r n a t e  missions 

' : ; L x i m i ~ n l  G . m . t .  o f  per icynthion 
due t o  sun e l eva t ion  constraint  s 

Minimum G . m . t .  o f  per icynthion 
due t o  sun e l eva t ion  c o n s t r a i n t s  

FliEht-path angle  a t  l una r  o r b i t  
i n s e r t i o n  i n i t i a t i o n  

Change i n  azimuth a t  l una r  o r b i t  
i n s e r t i o n  

Height of per icynthion 

EMP l a t i t u d e  a t  per icynthion 

E'4P l ong i tude  a t  per icynthion 

G . m . t .  t ime of per icynthion from 
enoc h 

F l i c h t  t i m e  from luna r  o r b i t  
i n s e r t i o n  t o  f i r s t  pass  over 
l una r  landing s i te  

To ta l  t i m e  spent i n  luna r  o r b i t  

Selenographic l a t i t u d e  of t h e  
luna r  landing s i t e  

Selenographic longi tude of l una r  
landinr: s i t e  

Radius of t h e  luna r  landing s i t e  

Selenographic azimuth over t h e  
luna r  landing s i t e  

Conic i n c l i n a t i o n  of t h e  f r ee -  

"rr r e t u r n  t r a j e c t o r y  p lus  

In t eg ra t ed  i n c l i n a t i o n  o f  t h e  
f r ee - r e tu rn  t r a j e c t o r y  nlus AI?,. 
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No. 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

- 

TABLE I.- DEFINITION OF PARAMCPERS AND CONSTANTS 

ASSOCIATED WITH THE TLI AND MCC PROCESSORS - Concluded 

Parameter 
or  

constant  

" te i  

'Jltei 

Tte 

Rnty R n g  

Rnty A t  

hr tny 

'rtny 

I 
Pr 

A 
i P  

Ttl m i n  dp: 

Ttl max dpE 

Tbiaseo 

V 
pcynlo 

I fr  

Atndcir 

H 
P C  

Hac 

F'rocessor 
u t i l i z i n g  
parameter 

X 

X 

MC C 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
. 
X 

X 

Parameter o r  
constant  on  tape  

Yes 

Yes 

Yes 

No 

NO 

No 

No 

No 

No 

No 

No 

No 

NO 

No 

Yes 

NO 

No 

No 

D e f i n i t i o n  

Change i n  v e l o c i t y  at  TEI 
( s c a l a r  ) 

Change i n  azimuth a t  t r a n s e a r t h  
i n j e c t i o n  

Time from t r a n s e a r t h  i n j e c t i o n  
t o  e n t r y  

Ear th  r e l a t i v e  e n t r y  range 

Delta t from e n t r y  t o  landing 

Height a t  e n t r y  f o r  f r e e  r e t u r n  

F l igh t -pa th  angle  at  en t ry  

Maximum i n c l i n a t i o n  f o r  powered 
r e t u r n  

Longitude of e a r t h  impact point  

Minimum t r a n s l u n a r  f l i g h t  time 
f o r  DPS abor t  

Maximum t r a n s l u n a r  f l i g h t  time 
f o r  DPS abor t  

Number requi red  t o  compute t h e  CSM 
plane change p r i o r  t o  LM ascent  

B i a s  time f o r  e l l i p t i c a l  lunar  
parking o r b i t  

Veloci ty  a t  per icynth ion  of t h e  
e l l i p t i c a l  lunar  parking o r b i t  

I n c l i n a t i o n  of f r e e  r e t u r n  

Del ta  t from t h e  LPO node t o  
c i r c u l a r i z a t i o n  i n  t h e  f i n a l  LPO 

Height of per icynth ion  r e l a t i v e  t o  
t h e  landing s i t e  of e l l i p t i c a l  
lunar  parking o r b i t  

Height of per icynth ion  r e l a t i v e  
t o  t h e  landing s i t e  of e l l i p t i c a l  
lunar  parking o r b i t  

I 
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T A B L E  111.- VALUES FOR V A R I A B L E S  NO'I' I'OTJND ON T A P E a  

Hrnty 

Rnty Rng 

I i n t y  A t  

'rtny 

I 
Pr  

A 
iP 

"tl min dps 

Ttl nnx dps 

m 

n 

Tb i aseo 

Vpcynlo  

at ndc ir 

V a l u e  

0.0' 

7.5' 

N A  

N A  

7 5 O  

90' 

400 000 ft 

1285 n. mi. 

492 see 

-6.52' 

40" 

165O W 

N A 

N A  

0 

0 

.332 h r  

5480.0 f p s  

4.3 h r  

60 n .  m i .  

170 n. mi. 

a. iI A = n o t  a l r d i c a b l e  t o  F. 
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Variable symbol Variable d e f i n i t i o n  

LIM e 

*%LAX 

aMD 

RA MAX 

T~~~~ 

To1 

j = l , 6  

AVO, BVO 

j 

STPZ 

j = 1, 10  

IWGT 

j 

j 
j = 1, 11 

j 
j = l , 2  

DWGT 

Eccen t r i c i ty  l i m i t  f o r  EFCUA 

Maximum m i s s  d i s tance  used i n  t h e  t rade-off  d i sp l ays  

Miss d is tance  increment used i n  t h e  t rade-off  d i sp l ays  

Abort rad ius  l i m i t  f o r  t h e  EFCUA so lu t ion  i n  t h e  FCUA 
mode of t h e  ea r th  phase l o g i c  

Absolute minimum acceptable  f l i g h t  time from abort  t o  
e n t r y  

(b) Generalized i t e r a t o r  constants  

Dependent va r i ab le  to l e rances  

Two constants  used t o  determine t h e  minimum and 
maximum value f o r  i n  t h e  optimise mode: 

Minimum = Maximum = MAX [AVO, (conic  va lue)  - BVO] 

Step s i z e s  f o r  the  independent va r i ab le s  

Independent va r i ab le  weights 

Dependent var iab le  weights 
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TABLE 1V. -  RETURN-TO-EARTH ABORT PROCESSOR 

CONSTANTS TAPE LIST - Continued 

Variable symbol Variable  d e f i n i t i o n  

'NOMC 

'NOML 

R~~~~ 

TBSPS 

TBDPS 

B~~~~ 

 AT^^^ 

TG E 

'ATG 

'MTG 

( c )  Guidance and t a r g e t i n g  constants  

Nominal value of CM computer guidance parameter C 

Nominal value of LM computer guidance parameter C 

Radius of t h e  MSI used by t h e  onboard guidance computer 

Maximum burn t ime f o r  t h e  SPS engine with no i t e r a t i o n  
i n  RTED 

Maximum full t h r u s t  l e v e l  burn time f o r  t h e  DPS engine 
with no i t e r a t i o n  i n  RTED 

Limiting value of f l i gh t -pa th  angle  between E and f o r  
so lu t ions  from Lambert's problem subrout ine with t h e  
Lambert's guidance 

Time increment used i n  lunar  re ference  t o  generate  
Lambert t a r g e t  vec tors  

Lambert's guidance t a r g e t  vector  b i a s  angle  

Al te rna te  t r a n s f e r  angle t o  Lambert's guidance t a r g e t  
vec tor  i n  e a r t h  re ference  

Transfer  angle  t o  Lambert's guidance t a r g e t  vec tor  i n  
moon re ference  

(dl Earth-centered subDrocessor 

.") C 

Landing t ime to l e rance  for input landing t ime i n  t h e  
AST d i s c r e t e  so lu t ion  opt ion  

Coeff ic ien ts  for t h e  landing time l i m i t  func t ion  

a 
I 

c 

a 

- 
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Variable symbol 

TABLE 1V.- RETURN-TO-EARTH ABORT PROCESSOR 

Variable definition 

CONSTANTS TAPE LIST - Concluded 

(d) Earth-centered subprocessor - Concluded 

Average flight time from entry to landing 

Average down-range angle from entry to landing 
T~~~~~ 

“RZAVE 

( e )  Moon-center subprocessor 

Value of the maximum trip time whenever the maximum 
landing time is not input for the FCUA option of the 
AST 
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TABLE V.- VALUES FOR GENERAL CONSTANTS AND 

GUIDANCE AND TARGETING CONSTANTS 

V a r i a b l e  

L I M  e 

%AX 

RAMAX 

AMD 

TARMIN 

'NOMC 

'NOML 

R~~~~ 

TBSPS 

'LTST 

 AT^^^ 

TBDPS 

T G  E 

r l ~ ~ ~  

% T G  

V a l u e  

0.85 

400 n.  m i .  

100 n. m i .  

140 000 n.  m i .  

20 m i n  

0.5 

0.0 

64 373 760 m 

15 see 

1 5  see 

2 O  

2 hr  

15' 

215O 

160' 

1 -- 0 . 
c 
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TABLE V I . -  VALUES FOR GENERALIZED ITERATOR CONSTANTS 

Constant t ape 
symbol 

Toll 

To12 

To13 

To14 

5 To1 

To16 

AVO 

BVO 

STPZl 

STPZ2 

STPZ3 

STPZ4 

5 STPZ 

STPZ6 

7 STPZ 

STPZ8 

9 
STPZ 

STPZIO 

IWGTl 

IWGT2 

Associated 
it e ra to r  v a r i a b l e  

YR 

TAZ 

I El 
I El 

TR 

AvX 

AVY 

AvZ 

AY (optimise se tup )  

AV (optimise s e t u p )  

A 

A 

Value 

0.03 n .  m i .  

2 O  

0. l o o  

0. 0l0 

O.0Ol0 

12  h r  

-10 000 f p s  

10 000 f p s  

1~10-~ rad 

I X ~ O - ~  r ad  

2 X 1 0 - 7  e r /h r  

l ~ l O - ~  h r  

1 x 1 0 - 6  h r  

e r / h r  

e r / h r  

lX10-7 e r / h r  

1 X 1 0 - 6  rad  

~ ! x l O - ~  e r / h r  

1 

1 
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TABLE V I . -  VALUES FOR GENERALIZED ITERATOR CONSTANTS - Concluded 

Constant t ape  
symbol 

IWGT3 

IWGTk 

5 IWGT 

IWGTG 

7 IWGT 

IWGT8 

9 IWGT 

IWGTlo 

IWGTll 

DWGTl 

DWGT2 

Associated 
i t e r a t o r  v a r i a b l e  

AY (optimise se tup  only)  A 

AvA 

AV (opt imise se tup  only)  

T (s tandard se tup)  

A 

A 

TA (RTED) 

TR 

AvX 

TAZ 

IZl 

Value 

1 

16 

1 

64 

1 

1 

1 

1 

1 

1 

200 



TABLE V I 1 . -  C O N I C  SUBPROCESSOR 

Value 

Earth-centered subprocessor 

6T 

a 

b 

C 

T~~~~ 

1 ‘RZAVE 

2 h r  

77.0 hr  

+6.2 hr/er 

-0.103333 h r / e r 2  

0.17 hr  

0 .5  r ad  

(b) Moon-centered subprocessor 

120 hr  

c 
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TABLE V I I 1 . -  PREFLIGHT PARAMETERS FOR LO1 PROCESSOR 

Symbol 

Hlo 

Hac 

Tbias eo 

a 
411s 

a 
5 1 s  

Rlls  
a 

m }  n 

"lei c a l  

“ t e i  cal 

C 

Transfer angle 

Hrnty 
a I 

Pr 

a 
T t e  

T l o  

llTlls 

“tei 

a 

a 

a 

Def in i t i on  

Nominal LPO c i r c u l a r  o r b i t  a l t i t u d e  referenced 
t o  t h e  LLS 

Nominal LPO e l l i p t i c a l  o r b i t  apocynthion 
a l t i t u d e  referenced t o  t h e  LLS 

Time b i a s  t o  compensate f o r  e l l i p t i c a l  LFO 

Lat i tude  of LLS 

Longitude of LLS 

Radius of LLS 

Numbers used t o  compute CSM plane change 

Cal ibra t ion  of conic LO1 AV 

Cal ibra t ion  of conic  TEI AV 

F i r s t  guess on Lambert guidance constant 

T rans fe r  angle from LO1 impulsive poin t  t o  
Lambert t a r g e t  vec tor  

Nominal value €or height  of r een t ry  

Nominal value €or i n c l i n a t i o n  of powered 
r e t u r n  

Nominal t r a n s e a r t h  f l i g h t  t i m e  

Time i n  luna r  parking o r b i t  

Delta time t o  f i r s t  pass over LLS 

Delta v e l o c i t y  a t  T E I  

%he parameters are on t h e  MCC p r e f l i g h t  da t a  t a p e .  
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Symbol 

a 
"tei  

a GMT 
PC 

TABLE V I I 1 . -  PREFLIGHT PARAMETERS FOR LO1 PROCESSOR - Concluded 

Def in i t i on  

Del ta  azimuth at T E I  

Greenwich mean time of per icynthion measured 
from epoch 

a The parameters a r e  on t h e  MCC p r e f l i g h t  d a t a  tape .  
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T A B U  1X.- Lo1 PREFLIGHT DATA NOT CONTAINED I N  

MCC PROCESSOR DATA TABLES 

Symbol 

Hlo 

ac H 

Tbias 

0 

n 

A’ i o i  c a l  

“ t e i  ca l  

C 

Trans fe r  angle  

Hrn ty  

V a l u e  

60 n. m i .  

170 n. m i .  

,332 hr 

1 

0 

1 fps 

0 fps 

- 5  

27 0’ 

400 000 f t  
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TABLE x.- PREFLIGHT CONSTANTS (DATA) - (POWERED FLIGHT PROCESSOR - IGM) 
Parameter 

Kal Kc. 2 

DTGM 

DTIG 

PO' Kyo 

5 3  

T2 

Ei 

tb2 

K 
PC 

€1 

E 2  

E3 

€ 4  

R6T 

W V  

G L  

%L 

3 i L  

c:, 

"4M 

"IX3 

2 N  

~ 

Defin i t ion  

c o e f f i c i e n t s  of aTS polynomial 

t ime from TB6 t o  time a t  which I G M  Kuidance 

i s  i n i t i a t e d  

t ime from TB t o  time at which i g n i t i o n  6 
occurs 

c o e f f i c i e n t s  i n  p i t c h ,  yaw poiynomials 

c o e f f i c i e n t  i n  T3 polynomial 

second guidance s tage  burn time 

t r a n s i t i o n  time f o r  mixture r a t i o  s h i f t  

cons tan t  used t o  force  MRS i n  I G M  

remaining burn t i m e  for which a l t e r n a t e  
method of computing range angle  i s  used 

remaining burn t i m e  for  which guidance 
enforces  only te rmina l  v e l o c i t y  condi t ions  

remaining burn time for  which te rmina l  
r ,  v, y are frozen 

remaining burn t i m e  a t  which cu tof f  
equat ions a r e  entered 

f l a g  which i n d i c a t e s  r o t a t i o n  of end 
condi t ions  

constant  used f o r  b ias ing  terminal  range 
nnEle pred ic t ion  

maximum al lowable p i t c h  r a t e  

maximum allowable yaw r a t e  

maximum al lowable roll r a t e  

t i m e  a r t i f i c i a l  t a u  mode is used,  
measured from t ime IGM is i n i t i a t e d  

l i m i t e d  value f o r  d i f fe rence  between ac tua l  
and nominal burn t imes for  f i r s t  S-IVB 
burn 

exhaust v e l o c i t y ,  t , h i r d  I G ' l  s t a g e  

est imated time t o  deple te  vehic le  mass, 
second I G M  s tage  

Value 

0 ,  0 

584.0 sec 

578.0 sec 

90.0, 0.0 deg 

0.0 

20.0 sec ( f i r s t  opp) 
0.0 sec (second opp) 

5.0 sec ( f i r s t  opp) 
1 . 0  sec (second opp) 

0.0 sec 

1000. sec 

30. sec 

30. sec 

3. sec 

1.0 

-0.4 

1 . 0  deg/sec 

1.0 deg/sec 

1.0 deglsec 

10.0 sec 

100.0 sec 

4201.6192 m/sec ( f i r s t  opp) 
4198.6915 m/sec (second opp) 

605.0 sec ( f i r s t  opp) 
610.0 sec (second opp) 
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TABLE X.-mEFLIGHT CONSTANTS (DATA) - (POWERED FLIGHT PROCESSOR - IGM) - Continued 

Parameter Defini t ion 
- 

mass flow rate ,  t h i r d  I G M  s t a g e  

S-IVB engine model 

t i m e  from TB t o  start o f  f i r s t  t h r u s t i n g  c 
phase (vent  and u l l a g e )  

t i m e  from TBL t o  start of second t h r u s t i n g  

t i m e  from TR6 t o  start of t h i r d  t h r u s t i n g  

phase (chi l ldown) 

phase (bui ldup)  

t i n e  from TBL t o  start of f o u r t h  t h r u s t i n u  

(main burn) 

6 time from 1'R t o  mixture r a t i o  s h i f t  

( f i r s t  opp on ly )  

phase 
d e l t a  t i m e  from cu to f f  f o r  52 t a i l o f f  

d e l t a  t ime f o r  I,H2 vent 

t h r u s t  l e v e l  i n  f i r s t  phase 

t h r u s t  l e v e l  i n  second phase 

t h r u s t  l e v e l  i n  t h i r d  phase 

t h r u s t  l eve l  i n  fou r th  phase ( f i r s t  npp 

t h r u s t  l e v e l  i n  fou r th  phase ( f i r s t  opp 

t h r u s t  l eve l  i n  fou r th  phase (second on?) 

t h r u s t  l e v e l  i n  t a i l o f f  phase 

t h r u s t  l e v e l  i n  t a i l o f f  vent  phase 

pre-:.mS 

pos t  -ms) 

mass flow ra te ,  f i r s t  phase 

mass flow rate ,  second phase 

Value 

I 474.234 l b / s e c  ( f i r s t  opp) 
I 473.948 lb/sec (second OD?) 

0.0 sec  

570.0 sec  

578 sec  

580.5 sec 

705.0 sec  

7.919 sec  

5'14 sec  

! I S  l b  

725 l b  

96 936 l b  

182 550 l b  

'203 006 l b  

202 760 l b  

' 5  871 l b  

12 .0  l b  

.114  lb/seo 

2 . 5  l b / s e c  

8 

z 
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TABLE x.- PREFLIGHT CONSTANTS (DATA) - (POWERED F L I G ~  PROCESSOR - IGM) - Concluded 

Parameter 

MF2 

W3L 

Dei i n i t i o n  Value 

mass flow r a t e ,  t h i r d  phase 

mass flow rate,  four th  phase ( f i r s t  opp, 

149.6 lb / sec  

424.45 lb /sec  
pre-MRS 

MF3 

MFTO 

Mm 

mass flow rate, four th  phase (second opp) 

mass flow r a t e ,  t a i l o f f  phase 

mass flow rate, t a i l o f f  vent phase 

473.54 lb /sec  

70 l b / s e c  

.31 lb /sec  
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APPENDIX 

TAPE FORMAT FOR THE POWERED-FLIGHT PROCESSOR 
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MSC CARD FORMAT 

1. A l l  numbers w i l l  be  r i g h t  j u s t i f i e d  i n  t h e  f i e l d  except t h e  I D  
which w i l l  be l e f t  j u s t i f i e d .  

2. A l l  numbers except launch day and opportuni ty  w i l l  be i n  a form 
such as X.XXXXXXXX or X.XXXXXXXX+-XXX. 

3. If +,here &re no parameters f o r  a laGnch day o r  opportuni ty ,  then  
a l l  f i e l d s  should be  zero.  

4. The va lues  of t w i l l  be  i n  ascending order .  D 

5 .  I d e n t i f i c a t i o n  f i e l d :  1 
year  

day of card  
year number 

opportuni ty  



32 

2 V 
I 

H 
H 

4 

0 
03 

I 

m 
W 

a3 
W 

I 

cu 
Ln 

d 
Ln 

I 

Ln 
M 

f 
M 

I 

a3 
I+ 

t- 
rl 

I 

rl 

M Ln 

4 
% 
2 

a 

d 

rl 

a 
k 
.d c 
4J 

k 
0 
k 

c, 
Q aJ 
0 

8 
v3 
3 

1 

.-I 

rn a 
k 
cd u 

2 

E 
c, 
cd 

0 
.?i 

4 cn 

I I  

t - M  f c n  

c 



a 
33 

c 

rl 
0 
V 

a 
k O  cdc 
V 

2 
-2 
3 

a 

G 

d 

c 
c, 
k 

k 

k 
0 
k 

c, 

V 
s 
8 

W 
zt 

I 

d 

rn a 
0 

m 
cd 

c, 

k 
0 
k 

2 

2 

H 
m - 
3 co 
d 

I 

m 
M 
d 

3 
-2 
a 

c 
3 
cd 
d 

c 
c, 
k 
.rl 
k 

k 
0 
k 

c, PI 
a, 
0 x 
a, 

W 
zt 

I 

d 

m a 
k 
2 
3 

E 

3 

c, 
cd 

0 
h 

a, 

ul - 
0 
M cu 
I 

In co 
d 

5 
-2 
2 

a 

c 

d 

c 
-9 x 
.rl 
rn 
k 
0 
k 

c, FL 
a, 

a, 

W 
zt 

I 

rl 

m a 
k 
cd 
0 

8 

3 

E 
c, 
cd 

0 
k 

a, 
E 
cd 
m - 
W 
t- cu 
I 

rl 
M cu 

h 
cd a 
-2 
2 

GI 

c 

d 

c 
c, 

.d 
a, 

k 
0 
k 

c, 
PI 
a, 
0 

8 
W 
zt 

I 

d 

m a 
k 
cd 
0 

rn 
cd 

c, 
cd 

0 
k 

E 

ii 
m - 
co 
W 
0 

I 

M cu 
M 

3 

3 

a 
c 
0 
c 

d 

c 
c, 

c, 
k 
0 
h 

c, 
PI 
a, 
0 x 
a, 

W 
zt 

I 

d 

rn a 
k 
cd 
V 

: 
E 
c, 
cd 

0 
k 

B 
m - 
0 
W 
;J- 

I 

In 
d 
3 

0 co 
I 

cn 
W 

co 
W 

I 
cu 
In 

G! 
I 

In 
M 

3 
M 

I 

co 
d 

P- 
d 

I 

d 

- 

E 
E 
x 

X 
X 
X 

c 
0 
.rl 
c, 
cd 
0 
.d 
k 
.r( 
-P c 
a, a 
H 

m 
k 

X 

k w 

2 
cd 
.rl a 
cd 
P; 

2 
cd 

a 
cd 
P; 

.d 

- 

E x x x 
X x 
X 

cu x 
a, 

P - 

cu 
B 

% 
c 

- 

M 
W 
3 

c 
0 

.rl 
c, 
cd 
0 

.rl 
k 
*rl 
c, c 
a, 
2 

k c 
\ 

5 

2 
\ 
k w 

rn 
k 
3 
0 
X 

$ 
0 
X 

0 

2 

0 

MP 

- 

2 cu 
P 

3 
W 
3 

c 
0 

.rl 
c, 
cd 
0 
.d 
k 
.rl 
c, 

a 
H 
k! 

2 
cd 

.rl a 
cd 
P; 

2 
ld 

.rl a 
cd 
P; 

rn 

0 
X 
s 

k c 
k w 
\ 



34 

3 
rl 
0 u 

a 
k O  
@ E :  
V 

- 
a 
E: 
0 
V 
aJ 
0 

a s 

5 
2 

x 
cd a 

c 

rl 

2 
m 
k 
0 
(H 

4J e 
; al 
3 
W 
3 

I 

d 
W 
3 

m 
a 
k 
cd 
0 

3 h  
-9 

+, -d cdc 
6 2  
k +  
O k  
k 0  

fa 
$ 2  
cn - 
a3 
W 
3 

I 

Ln 
W 
3 

- 

x 
cd 
a 

z 
c 
3 
cd 
rl 

a 
g 
0 
aJ 
0 

k 
0 
k 

+ PI aJ u 
2 
a3 
v3 
3 

I 

rl 
W 
3 

m 
a 
k 
cd u 
rn 
cd 

c, 
cd 
6 
k 
0 
k 

$ cn 

3 
-2 
2 

a 

fi 

r-i 

E *rl 

m 

k 
0 
k 

+, 

V x 
aJ 
a3 
W 
3 

I 

rl 
W 
3 

m a 
k 

e 

z 
$ 

E 
c, 
cd 

0 
k 

4 
m 

0 
0 
Ln 

I 

M 
rn 
3 

03 
0 
in 

I 

rl 
0 
Ln 

B 
f 
2 

a 

c 

rl 

s 
4J 
E: 
aJ z 
m 

k 
0 
k 

4J 

V 
e 
3 
a3 
v) 
3 

I 

d 
W 
3 

m 
a 

V 
tt; 

3 

E 
+, 
cd 

0 
k 

4 
m - 
v3 
rl 
in 

I 

cn 
0 
in 

3 
5 
5 

a 

cd 
rl 

.-G 
-P 
.-G 
hc 

.rl 
aJ 

k 
0 
k 
c, e 
i 
co 
W 
3 

I 

rl 
v3 
3 

m 
a 
k z 
m 
cd 
+ 
cd 
E 
k 
0 
k 

3 cn 

3 cu 
Ln 

I 

l- 
rl 
Ln 

3 
5 
2 

a 

c 

rl 

c 
c, 
E: 
.rl 
E: 
k 
0 
k 

P 
P aJ 

8 
co 
W 
3 

I 

d 
W 
3 

m 
a 
k 
cd 
0 

3 

f! 
4J 
cd 

0 
k 

4 cn 

h 
Ld a 
z 
2 
E: 

rl 

c 
4J 
C 
aJ 
P 

k 
0 
k 

4J 
F4 
a, 
V 

3 
co 
W 
3 

I 

rl 
\o 
3 

m 
a 

V 

rn 
cd 
+, 
cd 

0 
k 

tt; 

f! 

3 
m 

c u o  
m 3  
L n i n  

I I  
L n m  c u m  
i n i n  

L 
cu 
3 
Ln 

g 
-ti 
4J 
cd 
0 
.rl 
k 
*rl 
4J c 
aJ 
a 
H 

m s 
L 2  

N 
k c 
\ 
a 
cd 
k 

k c 
\ a 
cd 
k 

a 

c 

IC 

c 



0 35 

Q 

*' 

0 co 
I 

m 
\D 

a3 
\D 

I 

cu 
In 

rl 
In 

I 

!n 
rl g r n  
0 u 

B 

t' 

a 
V 
9 2  

I 

Q 
rl 

P- 
rl 

I 
rl 

M 
2 
Ln 

In 
f 
In 

l- 
f 
L n  

co 
2 
In 



36 

3 
rl 
0 u 

a 
k O  
@ E :  
V 

3 

2 
5 

5 

rd 

ld 
d 
,.c 
c, 

0 
4-r 

k 
0 
k 

c, 

0 x 
al 

co 
3 
In 

I 

rl 
3 
Ln 

rn a 
k 
cd 
0 

8 

3 
z c, 
k 
0 

4-r 

3 cn - 
cu 
t- 
In 

I 

o m  c o c o  
I n I n  

I I  

M d  t - c o  
I n i n  

9 

3 
2 

? 

a 

c 
d 
c 
c, E: 

al 
rn 

k 
0 

4-r 

c, 
PI 
al 
0 x 
al 
co 
3 n 
I 

rl 2 r  
In 

rn a 
0 
3 
3 
c, 
ld 
E 
k 
0 

4-r 

B 
m - 
W cn 
In 

I 

cn 
a3 
In 

- 

h 
aJ a 
c 
$ 
Ld 
d 
c 
c, c 
.rl c 
k 
0 
k 

c, 
PI 
al 
u 
3 
co 
3 
In 

I 

d 
3 
In 

rn a 
0 
3 
3 

e 
-P 
ld 

0 
4-r 

3 
m - 
cu 
d 
W 

I 
In 
0 
W 

3 
% 
2 

a 

' d  

?I 

c + E: 
al + 
k 
0 
k 

-P 
PI 
al : 
co 
3 
In 

I 

d 
3 
In 

rn a 
k 
t 
3 

E 
c, 
ld 

0 
4-r 

3 cn - 
0 
(u 
ul 

I 
M 
d 
W 



37 

REFERENCES 

1. Morrey, Bernard F.; McCaffety, Brody 0. ; and Morrey, Alfred E.:  
RTCC Requirements f o r  Mission G:  
Correction F'rocessor. 

The Translunar Midcourse 
MSC I N  68-FM-193, August 9, 1968. 

2. Scheffhan, David S.; Yencharis, Jerome D . ;  and McCaffety, Brody 0.:  
RTCC Requirements f o r  Missions E and G: The Translunar In j ec t ion  
Processor.  MSC I N  68-rn-132, June 5, 1968. 

3. Wiley, Robert F. :  RTCC Requirements f o r  Mission G :  LO1 Processor.  
MSC I N  68-M-132, Ju ly  18, 1968. 

4 .  Davis, Robert S.; and Lee, W. R . :  AS-503/504 Requirements f o r  t h e  RTCC: 
The Return-To-Earth A b o r t  Processor,  Volume I - Earth-Centered Logic. 
MSC IN 67-~~-199 ,  December 15, 1967. 

5. Davis, Robert S.; and Gafford, D .  W.:  RTCC Requirements f o r  Missions 
E and G: The Return-To-Earth Abort Processor ,  Volume I1 - Moon- 
Centered Logic. MSC IN 68-FM-33, February 1, 1968. 

6.  Fridge,  Ernest  M. ; and Yencharis , J e r O m e  D .  : 
Requirements f o r  t h e  RTCC: 
MSC IN 67-FM-82, June 28, 1967. 

AS-503A/AS-504A 
Powered-Flight Simulations.  


